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a disturbance from one point at another moment, are events 
distinct and independent of the existence of an observer. 
Any law that connects them must be one which is independent 
of the map the observer uses; ds being an invariant quantity, 
ds=o expresses such an invariant law. 

This leads at once to a law of variation of the velocity of 
light in the gravitational field of the sun. 

v=c (1-2m/r). 
Here m, as before, is the mass of the sun in gravitational 
units, and is equal to 1.47 kilometers, while c is the velocity 
of light at a great distance from the sun. Thus the path of 
a ray is the same as that if, on the ordinary view, it were 
travelling in a medium the refractive index of which was 
(1-2m/r)-'. In this medium the refractive index would in

crease in approaching the sun, so that the rays would be 
bent round towards the sun in passing through it. The total 
amount of the deflection for a ray which just grazes the sun's 
surface works out to be 1.75", falling off as the inverse of the 
distance of the nearest approach. 

The apparent position of a star near to the sun is thus 
further from the sun's center than the true pos!ition. On 
the photographic plate in the actual observations made by 
the Eclipse Expedition the displacement of the star image 
is of the order of a thousandth of an inch. The measurements 
show wilihout doubt such a displacement. The stars observed 
were, of course, not exactly at the edge of the sun's disk; but 
on reduction, allowing for the variation inversely as the dis
tance, they give for the bend of a ray just grazing the sun 
the value 1.98", with a probable error of 6 per cent, in the 
case of the Sobral expedition, and of 1.64" in the Principe 
expedition. 

The agreement with the theory is close enough, but, of 
course, alternative possible causes of the shift have to be 
considered. Naturally, the suggestion of an actual refracting 
a tmosphere surrounding the sun has been made. The exist
ence of this, however, seems to be negatived by the fact that 
an atmosphere. sufficiently dense to produce t,he refradion 
in question would extinguish the light altogether, as the rays 
would have to travel a million miles or so through it. The 
second suggestion, made by Prof. Anderson. in Nature of De
cember 4, that the observed displacement might be due to a 
refraction of the ray in travelling through the earth's atmos
phere in consequence of a temperature gradient within the 
shadow cone of the moon, seems also to be negatived. Prof. 

. Eddington estimates that it would require a change of tem
perature of about 20° C. per minute at the observing station 
to produce the observed effect. Certainly no such tempera
ture change as this has ever been noted; and, in fact, in 
Principe, at which the Cambridge expedition made its ob
servations, there was practically no fall of temperature. 

GRAVITATION AND THE SOLAR SPECTRUM. 

It was suggested by Einstein that a further consequence 
of his theory would be an apparent discrepancy of period be
tween the vibrations of an atom in the intense gravitational 
field of the sun and the vibrations of a .similar atom in the 
much weaker field of the earth. This is arrived at thus. An 
observer would not be able to infer the intensity of the 
gravita'tional field in which he was placed from any observa
tions of atomic vibrations in the same .field; that is, an ob
server on the sun would estimate the period of vibrations of 
an atom there to be the same that he would find for a similar 
atom in the earth's field if he transported himself thither. 
But on transferring himself he ,automatically changes his 
scale of time; in bhe new scale of time the solar atom vi
brates differently, and, therefore, is not synchronous with 
the terrestrial atollL 

Observations of the solar spectrum so far are adverse to 
the existence of ,such an effect. What, then, is to be said? 
Is the theory wrong at this point? If so, it must be given up, 
in ,spite of its extraordinary success in respect of the other 
two phenomena. 

Sir Joseph Larmor, however, is of opinion that Einstein's 
theory itself does not in reality predict the displacement 
at all. The present writer shares his opinion. Imagine, in 
fact, two identical atoms originally at a great distance from 
both sun and earth. They have the same period. Let an ob
server A accompany one of these into the gravitational field 
of the sun, and an observer B accompany the other into the 
field of the earth. In consequence of A and B having moved 
into different gravitational fields, they make different changes 
in their scales of time, so that actually the solar observer A 
will find a different period for ,the solar a tom from that which 
B, on the earth, attributes to his atom. It is only when the 
two observers choose so to measure space and time that they 
consider themselves to be in identical gravitational fields 
that they will estimate the periods of the atoms alike. This 
is exactly what would happen if B transferred himself to 
the same position as A. Thus, though an important point 
remains to be cleared up, H cannot be said that it is one 
which at present weighs against Einstein's theory. 

THE RE SPONSE OF PLANTS TO WI RELESS 
STIMULATION· 

By J. C. BOSE. 

A GROWING plant bends towards light; this is true, not only 
of the main stem, but also of its branches and attached leaves 
and leaflets. This movement in response is described as the 
tropic effect of light. Growth itself is modified by the action 
of light: two different effects depending on the intensity are 
produced; strong stimulus of light causes a diminution of 
rate of growth, but very feeble stimulus induces an accelera
tion of growth. The tropic effect is very strong in the ultra
violet region of the spectrum with its extremely short w�ve: 
length of light; but the effect declines practically to zero as 
we move towards the less refrangible rays, the yellow and 
the red, with their comparatively long wave-length. As we 
proceed further in the infra-red region we come across the 
vast range of electric radiation, the wave-lengths of which 
vary from the shortest wave I have been able to produce 
(0.6 cm.) to others which may be miles in length. There thus 
arises the very interesting question whether plants perceive 
and respond to bhe �ong ether-,waves, including those employed 
in signalling through space. 

At first sight this would appear to be very unlikely, for 
the most effective rays are in the ultra-violet region with 
wave-length as short as 20 x 10-' cm.; but with electric 
waves used in wireless signalling we have to deal with waves 
50,000,000 times as long. The perceptive power of our retina 
is confined within the very narrow range of a single octave, 
the wavelengths of which lie between 70 x 10-' cm. and 
35 x 10-' cm. It is difficult to imagine that plants could 
perceive radiations so widely separated from each other as 
the visible light and the invisible electric waves. 

But the subject assumes a different aspect when we take 
into consideration the total effect of radiation on the plant. 
Light induces two different effects which may broadly be dis
tinguished as external and internal. The former is visible as 
movement; the latter findS no outward manifestation, but con
sists of an "up" or assimilatory chemical change with con
comitant increase of potential energy. Of the two reactions, 
then, one is dynamic, attended by dissimilatory "down" 
change; the other is potential, associated with the opposite 
"up" change. In reality, the two effects take place simulta
neously; but one of them becomes predominant under definite 
conditions. 

The modifying condition is the quality of light. With refer
ence to this I quote the following from Pfeffer :-"So far as is 
at present known, the action o f  different rays of the spectrum 
gives similar curves in regard to heliotropic and phototactic 
movements, to protoplasmic streaming and movements of the 

* From Nature (London). 
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chloroplastids, as well as the photonastic movements producerl 
by growth or by changes of turgor. On the other hand, it is 
the less refrangible rays which are most active in photosyn· 
thesis."" The dynamic and potential manifestations are thus 
seen to be complementary to each other, the rays which induce 
photosynthesis being relatively ineffective for tropic reaction, 
and vice versa. 

Returning to the action of electric waves, since they exert 
no photosynthetic action they might conceivably induce the 
complementary tropic effect. These considerations led me to 
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DIAGlRA.lIfr'\1A'TIC R,IDPRESENTATION OF THE 
'METHOD OF WIRELE.S'S STIMULATION 

On the right is seen the generating apparatus. Th·e tip of the 
growing p.lant is connectro with the r�cedving aerial, a n d  the lower 
p'art of the fi�werlPot is earthed. 

the investigation of the subject fourteen years ago, and my 
tesults showed that very short electric waves induce a retar· 
dation of rate of growth; they also produce responsive move
ments of the leaf of Mimosa when the plant is in a highly 
sensitive condition.2 The energy of the short electric waves 
is very feeble, and undergoes great diminution at a distance; 
hence the necessity for employment of a specimen of plant in 
a highly sensitive condition. 

I resum�d my investigations on the subject at the beginning 
of this year. I wished to find out whether plants in general 
perceived and I'esponded to long ether-waves reaching them 
from a distance. The perception of the wireless stimulation 
was to be tested, not merely by the responsive movement of 
sensitive plants, but also by diverse modes of response given 
by all kinds of plants. 

THE WIRELESS SYSTEM. 

For sending wireless signals I had to improvise the follow
ing arrangement, more powerful means not being available. 
The secondary terminals of a moderate-sized Ruhmkorff's 
coil were connected with two cylinders of brass, each 20 cm. 
in length; the sparking took place between two small spheres 
of steel a ttached to the cylinders. One of the two cylinders 
was earthed and the other connected with the aerial 10 
meters in height. The receiving aerial was 'also 10 meters 
in height, and its lower terminal led to the laboratory, and 
connected by means of a thin wire with the experimental 
plant growing in a pot; this latter was put in electric connnec
tion with the earth (Fig. 1) . The distance between the trans
mitting and receiving aerial was about 200 meters, the 
maximum length permitted by the grounds of the institute. 

I may state here that with the arrangement described above 
I obtained very definite mechanical and electric response to 
wireless impulse. For the former I employed the plant 
Mimosa; the latter effect was detected in all plants, sensitive 
and ordinary. Limitation of sp.ace will allow only a detailed 
description of the responsive modification of growth.' 

�Pfeff,er, "Physiology of Plrusts," vo1. ii., p. 104. 

"Bose, "Plant Response," p. 618 (1905). 

SA detailed account of the respons'e of p.lants t 0 wirele�s stimula
tion will be found in the TransalCtions of the Bose Institute, vol. ii., 
to ,be published in November, 1919. 

EFFECT OF WIRELESS STIMULATION ON GROWTH. 

For the detection of varia tion of growth it was necessary 
to devise the extremely sensitive balanced crescograph. In 
this apparatus a compensating movement is given to the plant
holder by whic:h the plant subsides exactly at the same rate as 
itJ:l growth-elongation, so' that the tip of the plant remains 
at the same point. This perfect balance is attained by a 
variable regulator. The compound magnifying lever attached 
to the plant records the movement of growth. Under exact 
balance the record is horizontal. Any induced acceleration of 
growth would upset the balance, with a resulting down rec
ord; induced retardation, on the other hand" would cause 
an upset in the opposite direction and an up curve. The re
sults given below show that growing plants not only perceive, 
but also respond to the stimulus of electric waves. These ef
fects were found in all growing plants. The following recQrds 
were obtained wi th the seedlings of wheat: 

Effect oj Feeble Stimulus.-Experiment 1: I first studied 
the effect of feeble stimulus. This was secured by decreasing 
the energy of sparks of the radiator. The response was an 
accelera tioh of rate of growth as seen in Fig . . 2, (a). _ This is 
analogous to the accelerating effect of light stimulation of 
subminimal intensity. 

E.ffect oj Strong Stimulus.-EXIperiment 2: The maximum 
energy radiated by my transmitter, as stated before, was 
only moderate. In spite of this, its effect on plants was ex
hibited in a very striking manner; The balance was immedi
ately upset, indicating a retardation of the rate of growth. 
The latent period i. e., the interval between the incident 
wave and the response, was only a few seconds (Fig. 2, (b» . 

The record given in the ,figure was obtained with the moderate 
magnification of 2,000 times only; but with my crescograph 
the magnification can easily be rail')ed ten million times, and 

FIG. 2. AUTOMATIC RIDCORDIS OB'l'AIX.ED W!rDH THE 

BAL,ANOED CRESOOGRAPH SHOWING THE E'FFEOT'S 

OF WIREILEiSS S'TIMULATION ON GROWTH 

(a) Feeble stimulus inducing a·cceleration; (b) strong stimulus 
indUicing retardation of rate of growth; (e) series of growth re
sponses ,by variation of grawth due to uniform m oderate stimll'lation. 
Up-eurve re'pres'ents re tardanion of growtb and down-curve accelera· 
tion (seedling of whE>at). 

the perception of plant to the space-signalling can be exalted 
in the same proportion. 

Under an intensity of stimulus slightly above the sub
minimal, the response exhibits retardation of growth followed 
by quick recovery, as seen in the series of records given in 
Fig. 2, (c). The perceptive range of the plant is inconceivably 
greater than ours; it not only perceives, but also responds to 
ohe diffel'e�t rays of the vast etheral spectrum.· 

PRESERVING EXPLOSIVES IN FRANCE 
INSTEAD of storing her enormous stock of explosives (esti

mated value $140,000,000 to $150,000,000) in ordinary powder 
magazines and running the risk of disastrcms explosions, 
France plans to submerge the stock in the cold lakes of the 
Pyrenees which are fed by glaciers. 
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